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Abstract
Forty eight 21 days old piglets were used to compare the effect of prebiotic or probiotic supplementation and ileo rectal
anastomosis on the morphology of the small intestine. Half of the piglets were maintained intact and the other half was subjected to
an ileo rectal anastomosis (IRA). Each group of piglets received one of the following diets: 1) basal diet (C), 2) basal diet
supplemented with a Xylo-oligosaccharide (XOS), 3) basal diet supplemented with a Saccharomyces cerevisiae (SC) and 4) basal
diet supplemented with XOS and SC. Villus height was greatest with XOS and with XOS+SC, only in the ileum, as compared to
controls. In the duodenum, crypt width was highest in the control group, but no significant differences were found in the jejunum
and ileum. The IRA piglets had longer villi in the jejunum and shorter villi in the ileum. The crypt depth was greater in the
duodenum and in the ileum of IRA piglets. Villus height/crypt depth was lower in the duodenum and in the ileum, in the IRA
piglets. In conclusion, the XOS, but not the SC, moderately modified the intestinal morphology. The IRA modified the intestinal
villus and crypt architecture but its consequence on the absorption of nutrients needs to be investigated.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction
According to Collins and Gibson (1999) the potential
health benefits of probiotic and prebiotic administration
include improvement of digestion, stimulation of gastro-
intestinal immunity and increased natural resistance to
infectious enteric disease. The most prevalent probiotics
studied in swine diets include Saccharomyces cerevisiae.
The major effect of this probiotic is located in the small
intestine ofmonogastric animals, involving stimulation of
brush border disaccharidases (Buts et al., 1994), anti-
adhesive effect against pathogens (Line et al., 1998), toxin
action inhibition (Castagliulo et al., 1996) and antagonism
against pathogenic micro-organisms (Ducluzeau and
Besaada, 1982). Xylo-oligosaccharides (XOS) are
Livestock Science 108 (2007) 240–243
www.elsevier.com/locate/livsci
☆ This paper is part of the special issue entitled “Digestive
Physiology in Pigs” guest edited by José Adalberto Fernández,
Mette Skou Hedemann, Bent Borg Jensen, Henry Jørgensen, Knud
Erik Bach Knudsen and Helle Nygaard Lærke.
⁎ Corresponding author. Tel.: +351 213653408, fax: +351
213630734.
E-mail address: jpfreire@isa.utl.pt (J.P.B. Freire).











   
co
py
naturally present in different by-products. They can reach
the hindgut of monogastric animals and support the
growth of beneficial bifidobacteria (Maxwell et al., 2004).
Short chain fatty acids (SCFA) are end products of the
intestinal microbial fermentation of oligosaccharides.
Among SCFA, butyrate is particularly important for the
structure and the function of the epithelial cells of
intestinal mucosa.
The ileo-rectal anastomosis (IRA) is used to collect
ileal digesta (Fuller, 1991), but little research has been
conducted to determine the short-term effects of the IRA
on intestinal morphology. Nevertheless, Salgado et al.
(2002) reported duodenal crypts elongation and jejunal
villi enlargement in anastomosed pigs, 3 weeks after
surgery.
The aim of this work is to evaluate the effect of XOS or
Saccharomyces cerevisiae supplementation and ileo rectal
anastomosis on intestinal morphology of weaned piglets.
2. Materials and methods
Forty eight male piglets, weaned at 21 days of age,
were used. Half of the piglets were maintained intact and
the other half was subjected to an ileo-rectal anastomo-
sis (IRA) and left for recovery during 2 weeks. After the
recovery period, the intact and the IRA piglets were
divided in four groups of 12 piglets each (six intact and
six anastomosed). During a period of 3 weeks each
group of piglets received one of the following diets: 1)
basal diet (C), 2) basal diet supplemented with a XOS
(20 g kg−1), 3) basal diet supplemented with a SC
(6×108 CFU kg−1) and 4) basal diet supplemented with
XOS and SC (XOS–SC). At the end of the experimental
period the piglets were slaughtered, duodenal and
jejunal samples were taken approximately 10 cm and
5.5 m below the pylorus. Ileum samples were collected
from 60 cm above the ileum–cecal valve. The height of
the villi and the depth of the crypts were measured with
a microscope with an ocular micrometer. Reported mean
value for each animal was based on 20 measurements.
Data were subjected to analyses of variance using the
GLM procedure of SAS (1989), the effects of the diet
(D), the IRA and their interactions have been tested.
3. Results
Morphology results of the duodenum, jejunum and
ileum are presented in Table 1. The addition of XOS or
Table 1
Effect of XOS or SC supplementation and ileo rectal anastomosis (IRA) on the intestinal morphology
Diets IRA
C XOS SC XOS+SC − + D A RSD(1)
Villus height (μm)
Duodenum 395 395 400 437 399 415 NS NS 51
Jejunum 385 398 425 406 386 422 NS ⁎⁎ 42
Ileum 327a 374b 359ab 367b 370 343 ⁎ ⁎ 43
Villus width (μm)
Duodenum 205 195 197 187 199 193 NS NS 24
Jejunum 165 155 155 158 159 158 NS NS 14
Ileum 166 173 165 166 170 165 NS NS 13
Crypt depth (μm)
Duodenum 287 296 285 309 255 334 NS ⁎⁎ 39
Jejunum 243 228 228 235 229 237 NS NS 26
Ileum 222 217 223 214 210 228 NS ⁎ 24
Crypt width (μm)
Duodenum 68a 62b 62b 61b 65 61 ⁎ ⁎ 6.4
Jejunum 58 61 59 60 60 59 NS NS 4.0
Ileum 58 58 58 58 57 59 NS NS 3.9
Villus height/crypt depth
Duodenum 1.43 1.38 1.42 1.47 1.59 1.25 NS ⁎⁎⁎ 0.23
Jejunum 1.61 1.76 1.88 1.74 1.71 1.79 NS NS 0.25
Ileum 1.50 1.74 1.62 1.74 1.78 1.53 NS ⁎⁎ 0.26
(1)Effects: D: diet; A: ileo rectal anastomosis; NS: Not significant; ⁎Pb0.05; ⁎⁎Pb0.01; ⁎⁎⁎Pb0.001. For all the variables, the interaction DxA: NS.
Values with different letters in the same row differ significantly at Pb0.05. Residual standard deviation.
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SC had no significant effects on villi width, crypts depth
and villus/crypt ratio. Villus height in the ileum was
greatest (Pb0.05) with XOS and with XOS–SC, as
compared to controls. In the duodenum, crypt width was
larger in the control group (Pb0.05), but no significant
differences were found in the jejunum and ileum. The
IRA did not significantly affect villus width. However,
villi height was longer in the jejunum (Pb0.01) and
shorter in the ileum (Pb0.05) of IRA piglets. The crypt
depth was greater in the duodenum (Pb0.001) and in
the ileum (Pb0.05), and the crypt width was smaller
(Pb0.05) only in the duodenum of IRA piglets. The
villus height/crypt depth ratio was lower in the
duodenum (Pb0.001) and in the ileum (Pb0.01) of
the IRA piglets.
4. Discussion
The positive effect of XOS, but not of SC, on villi
length can improve the nutrient uptake from intestine,
which could result in improved growth performance.
The greater ileal villi in pigs fed XOS may reflect the
higher level of energy absorbed in the ileum, as a result
of the volatile fatty acids formed by the degradation of
XOS. This is in agreement with results obtained by
others authors, who reported a positive relationship
between dietary oligosaccharide supplementation and
higher intestinal villi in piglets (Spencer et al. 1997) and
rabbits (Mourão et al., 2006).
According to Buts et al. (1994) saccharomyces have
a positive effect on the brush border disaccharidases.
Hence, it is possible that these yeasts could stimulate the
development of the intestinal villi. Nevertheless, our
results failed to confirm this hypothesis, showing no
effect of SC on the villus height.
There were anatomical differences in villus and
crypts width between anastomosed and intact pigs, as
shown in Table 1. These differences are more
substancial with long-term protocols, as the functional
role of the small intestine is changed to make up for the
missing colon. Fuller (1991) showed an increase in the
number of goblet cells, hypertrophy of smooth muscles
and elongation of the crypts in the small intestine of pigs
at 26 weeks after surgery. The IRA piglets had higher
jejunal and ileal villi, and longer duodenal and ileal
crypts 5 weeks after surgery, as compared with intact
animals. Salgado et al. (2002) reported longer duodenal
villi and larger jejunal villi in anastomosed pigs and
postulated that morphological changes might result from
some inflammatory process and a physiological adap-
tation in order to maintain the role of the colon
suppressed by the surgery.
According to Pluske et al. (1996), the maximum
digestion and absorption occurs at increasing distances
along the crypt:villus axis in the weaned pig. On the
other hand, it is known that the weaning induces
changes in villus/crypt morphology, but their implica-
tions on the absorptive and permeability properties of
the small intestine have not been clarified (Lallès et al.,
2004). Therefore, it needs to be confirmed if the increase
in the crypt:villus axis distances, observed in the case of
the weaned IRA piglets, represent or not changes in the
absorption capacity of the small intestine.
In conclusion, the XOS but not the SC have little effect
on intestinal morphology. The IRAmodified the intestinal
villus and crypt architecture, but its consequence on the in
vivo absorption of nutrients needs to be investigated.
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